Introduction
============

Hepatocellular carcinoma (HCC) is a complex disease with many contributing factors and poor overall prognosis ([@r1]). Currently, data report a 5-year overall survival of 50% for curative treatment of HCC ([@r2]). Patient age, size and number of tumors, vascular invasion, histologic grading, and portal vein invasion have all been demonstrated to influence recurrence after surgery ([@r3]-[@r5]). Prognostic modeling in HCC is complex because underlying diseases and residual liver function should be taken into account. The Barcelona Clinic Liver Cancer (BCLC) classification is most commonly used in clinical practice ([@r6]-[@r8]). According to BCLC, hepatic curative resection might be achieved in patients with early stage HCC, provided normal clinical performance status and preserved liver function \[bilirubin levels \<1 mg/dL, absence of portal hypertension, and Child-Pugh (C-P) class -- A status\] ([@r2], [@r9]). C-P classification was developed to stratify perioperative risk for patients with cirrhosis undergoing various types of surgeries ([@r10], [@r11]). Due to its subjective variables, it has proved to be of variable reliability ([@r12], [@r13]). The Model for End-Stage Liver Disease (MELD) score is a more sophisticated tool developed initially to assess the perioperative risk in cirrhotic candidates for transjugular intrahepatic portosystemic shunt (TIPS), and is based on objective measurements (serum creatinine, total bilirubin, international normalized ratio and serum sodium) ([@r14], [@r15]). Later on, it proved valuable in predicting outcome for other surgical procedures in these patients ([@r13]). In this setting, its prognostic value is superior to that of the C-P classification and has also been suggested for risk stratification in HCC patients ([@r16], [@r17]). Over the past several years, however, a new scoring system has been developed specifically in patients with HCC. Based on observational and clinical trial data in HCC patients from Europe, Japan and China, a score based on serum albumin and bilirubin (ALBI) was developed and shown to be able to identify different risk patient subsets within the C-P grade A ([@r18]). Based on this score, patients are graded as grade 1 (lowest mortality risk) (ALBI score ≤2.60), ALBI grade 2 (score -2.60 \< and ≤1.39) (intermediate mortality risk) and grade 3 (score \>-1.39) (highest mortality risk) ([@r18]). The score was shown to perform well at different C-P grades, different tumor sizes or tumor stages, and across different treatment modalities ([@r18], [@r19]). An extension of ALBI is PALBI score ([@r20]) that additionally includes platelet count as an indicator of portal hypertension. Based on PALBI, patients are classified as grade 1 (score ≤2.53), grade 2 (score -2.53 \< and ≤2.09) and grade 3 (score \>-2.09). In one study, PALBI was suggested to better predict mortality in HCC patients across different stages and treatment modalities than ALBI, and both scores were superior to MELD ([@r19]). So far, ALBI was extensively evaluated in respect to predicting mortality and/or posthepatectomy liver failure after HCC treatment (resection, ablation, transarterial chemoembolization, systemic therapy) in mixed European-Japanese-Chinese cohorts ([@r18]) or Japanese or Chinese cohorts ([@r21], [@r22]). In one study, ALBI was found to be an independent predictor of progression-free survival, but not overall survival ([@r22]), whereas in another one it better predicted posthepatectomy liver failure than C-P classification ([@r21]). Specifics of these major studies were that they included patients both with and without macrovascular involvement (reported prevalence 7.8%-39%) ([@r18], [@r19]), some with different C-P grades, or with HCC but not cirrhotic, and with prevailing hepatitis B or hepatitis C etiologies of cirrhosis ([@r18], [@r19], [@r23]). Obviously, ALBI and its extension PALBI have a potential of risk stratification in HCC patients, but it is also clear that further validation is needed since their performance might differ depending on the underlying disease and/or other regional specifics. In Croatia, being a southern-middle European country, alcohol abuse is the most prevalent cause of cirrhosis/HCC ([@r24], [@r25]). With this in mind, and considering that the best candidates for curative resection are C-P grade A patients, without macrovascular tumor infiltration ([@r3]), we undertook an exploratory evaluation of ALBI in relation to PALBI and MELD as predictors of overall survival in a cohort of Croatian HCC patients with C-P grade A cirrhosis without macrovascular involvement.

Patients and Methods
====================

Ethics and general design
-------------------------

This single-center, retrospective analysis was based on a prospectively assembled institutional database on HCC patients and was approved by the institutional Ethics Committee.

Patients
--------

Candidates for inclusion were patients with HCC and compensated (C-P grade A) liver cirrhosis that underwent curative tumor resection (with the indication based on the BCLC system) between January 1, 2006 and July 31, 2014, in whom macrovascular infiltration was positively excluded.

Patient evaluations and follow-up
---------------------------------

Preoperatively, patients were assessed for etiology of liver disease; presence of ascites was assessed using ultrasound and imaging modalities (computed tomography (CT) or magnetic resonance (MRI)); presence of esophageal varices was assessed on endoscopy; a C-P grade was assigned ([@r10]); and MELD score was determined ([@r16]). Total tumor mass was defined as the sum of all tumor diameters; vascular infiltration was defined as the presence of tumor thrombus in any hepatic or portal vein based on CT or MRI. Presence of extrahepatic metastases was also analyzed based on CT or MRI. After the surgery, patients were followed-up according to the standards of good practice in line with the professional guidelines ([@r7]). For the purpose of the present analysis, patients were followed-up until death or liver transplantation (censored) as assessed from the database, and all others were contacted during the second half of December 2015 and were treated as censored if alive, or death dates were obtained from the next of kin. ALBI and PALBI scores were calculated from the archived laboratory work-up. ALBI score= (log10 bilirubin x 0.66) + (albumin x -0.085) ([@r18]). PALBI score=(2.02 x log10 bilirubin) - \[0.37 x (log10 bilirubin) ([@r2])\] - (0.04 x albumin) -- (3.48 x log10 platelets) + \[1.01 x (log10 platelets) ([@r2], [@r20]).

Surgical procedure
------------------

The approach to the liver was through right subcostal 'J' laparotomy, followed by liver mobilization. Intraoperative ultrasonography (US) was used to identify the exact localization of the tumor and its relationship to blood vessels. These data were important to determine the type of liver resection. Liver resection was performed by blunt-clamp dissection technique, which allows visualization of intrahepatic vessels and individual ligation of major blood vessels or bile ducts. It was performed with the use of the LigaSure device (Medtronic, Covidien, USA) ([@r26], [@r27]). In all patients, intermittent Pringle maneuver was used to avoid blood loss during liver transection.

Pathological analysis
---------------------

Resected specimens were routinely formalin fixed, paraffin embedded and stained by hemalaun-eosin (HE). HE slides were analyzed for histologic grade, presence of tumor-free margins and microvascular invasion. Histologic grade was determined using the 2010 WHO classification ([@r28]). Tumor free margins were measured on routine HE slides as the shortest distance from tumor border to the liver parenchyma resection margin inked by tissue dye. Microscopic vascular invasion (mVI) was defined as tumor within a vascular space lined by the endothelium that was visible only by microscopy. A minimum of 5 HE slides from the transition zone between tumor and peritumoral liver parenchyma were examined by two expert pathologists to determine mVI. Furthermore, one section of non-tumoral liver tissue, which was most distant from tumor tissue, was also examined for mVI ([@r29]).

Data analysis
-------------

Data analysis was guided by the need to achieve a reasonably meaningful evaluation of predictivity of liver function scores within a limited sample size. Therefore, the Cox proportional hazard models had to be carefully built. In this respect, and in order to avoid aliasing between potential baseline predictors, the first step was to evaluate univariate associations between subject/tumor characteristics, apart from tumor size and liver function scores (or their elements), and survival. The second step was to investigate the relationship between tumor size and liver function tests, and between tumor size, liver function tests and potentially identified univariate survival predictors. In the first step, only the Eastern Cooperation Oncology Group (ECOG) performance status was found to be associated with survival. In the second step, higher tumor size was found to be associated with worse ALBI and PALBI scores, and worse ECOG status was found to be associated with a larger tumor size, worse ALBI and worse PALBI scores. Therefore, final analysis was performed as follows: (a) the impact of tumor size on survival was assessed in a Cox model with adjustment for age and mVI (Model 1). No adjustment was done for ECOG status since worse ECOG was associated with larger tumor size; (b) the impact of ALBI score on survival was assessed in a Cox model with the same adjustments (Model 2); ECOG was skipped for the same reason as in Model 1. The model did not adjust for tumor size because (i) the main evaluation of ALBI ([@r18]) was done without adjustment for tumor size, and (ii) larger tumor size was associated with worse ALBI; (c) the impact of PALBI was assessed in a Cox model (Model 3) with the same adjustments as in Model 2 (and for the same reasons); and (d) the impact of MELD (Model 4) was assessed under the same conditions as the impact of ALBI and PALBI.

Results
=======

Patient characteristics
-----------------------

Of the 42 patients that underwent liver resection for HCC during the index period, four patients were classified as C-P stage B (one also having macroscopic vascular invasion), hence 38 patients were included in the analysis. [Table 1](#t1){ref-type="table"} summarizes their characteristics. Men prevailed, in line with the fact that virtually the only cause of cirrhosis was ethanol abuse (n=32). Their physical status was overall satisfactory, since 31 had ECOG performance status 0 or 1, while ascites and esophageal varices were sporadic. Total tumor mass varied between 30 and 240 mm and eight patients had extrahepatic involvement. Stage 1 and 2 (n=29) and poorly or moderately differentiated tumors (n=28) prevailed. In most patients (n=33), mVI was observed. ALBI score values ranged between -4.03 and -1.16. Considering the small sample, subjects were not categorized by ALBI grade, but 20 patients had values corresponding to ALBI grade 1 (≤2.60), 17 had values fitting ALBI grade 2 (-2.60 \< and ≤1.39) and one patient had a score to fit ALBI grade 3. Similarly, PALBI score ranged between -3.41 and -1.23, where 13 patients had values fitting grade 1 (≤2.53), 18 fell within grade 2 (-2.53 \< and ≤2.09) and seven fitted grade 3. MELD score range was 6-14, with seven patients with values \>10.

###### Characteristics of study patients (N=38)

  Demographics                                         Laboratory tests                   
  -------------------------------------- ------------- ---------------------------------- ----------------------
  Age (yrs)                              66 (39-82)    Total bilirubin (mmol/L)           13 (7.1-36.3)
  Men, n (%)                             29 (76%)      Albumin (g/L)                      40 (25.0-54.3)
  Clinical presentation                                International norm. ratio          1.1 (0.9-2.1)
  Etiology of cirrhosis, n (%)                         Aspartate aminotransferase (U/L)   47 (14-281)
  Ethanol abuse                          32 (84.2%)    Alanine aminotransferase (U/L)     42 (5-260)
  Hepatitis B virus                      2 (5.2%)      Platelets (x10^9^/L)               194 (90-495)
  Hepatitis C virus                      3 (7.8%)      Liver function scores              
  Fatty liver                            1 (2.6%)      ALBI                               -2.63 (-4.03- -1.16)
  ECOG performance status, n (%)                       PALBI                              -2.38 (-3.41- -1.23)
  0                                      7 (18.4%)     MELD                               8 (6-14)
  1                                      24 (63.2%)    Follow-up and survival             
  2                                      5 (13.2%)     Cumulative deaths                  24 (63.2%)
  3                                      2 (5.2%)      Time to 1^st^ death (months)       0.5
  Ascites, n                             4 (10.5%)     Time to last death (months)        62
  Esophageal varices, n (%)              5 (13.1%)     Time to 1^st^ censoring (months)   6
  Tumor characteristics                                Time to last censoring (months)    57
  Total tumor mass (mm); median(range)   85 (30-240)                                      
  Extrahepatic involvement, n (%)        8 (21.1%)                                        
  HCC stage, n (%)                                                                        
  1                                      6 (15.7%)                                        
  2                                      23 (60.5%)                                       
  3                                      3 (7.8%)                                         
  HCC histologic grade, n (%)                                                             
  Poorly differentiated                  3 (7.8%)                                         
  Moderately differentiated              25 (65.7%)                                       
  Well differentiated                    10 (26.3%)                                       
  Microvascular invasion, n (%)          33 (86.8%)                                       
  Free resection margins, n (%)          26 (68.4%)                                       

Data are expressed as medians (range from minimum to maximum) or number (n) and percentage (%) of participants *per* group; ECOG = Eastern Cooperation Oncology Group; ALBI = albumin-bilirubin; PALBI = platelet-albumin-bilirubin; MELD = model for end-stage liver diseases; HCC = hepatocellular carcinoma; HCC stage (1 -- within Milan; 2 -- outside Milan but no vascular infiltration or extrahepatic metastasis; 3 -- presence of vascular infiltration or extrahepatic metastasis intraoperatively)

Survival not accounting for tumor size and liver function scores
----------------------------------------------------------------

Overall, 24 (63.2%) patients died during the observed period and estimated median survival was 36 months ([Fig. 1](#f1){ref-type="fig"}). First death occurred 0.5 months after the surgery and time of the last observed death was 62 months ([Table 1](#t1){ref-type="table"}). Two patients were censored at the time of liver transplantation -- one 6 months after resection (shortest censored time) and another one after 16 months. Both were alive at the end-of-follow up date (December 31, 2015). Not counting tumor size and liver function scores (or elements used for their calculation), in this limited sample only ECOG performance status was univariately associated with survival: all seven patients with ECOG 2 or 3 died during the observed period (estimated median survival 11 months), while 17/31 with ECOG 0 or 1 died (estimated median survival 41 months) -- age-adjusted HR=2.86 (95% CI 1.06-6.98; p=0.039).

![Kaplan-Meier product-limit survival curve summarizing survival in the observed cohort. Open circles above the line indicate censored observations; full circles in-between the curve indicate deaths](acc-57-292-f1){#f1}

Relationship between different liver function tests, tumor size and ECOG status
-------------------------------------------------------------------------------

With adjustment for age, higher tumor size was associated with higher (worse) ALBI and PALBI scores, and no association was observed with MELD score ([Table 2](#t2){ref-type="table"}). Also, higher (worse) ECOG status (2 or 3 *vs*. 1 or 0) was univariately associated with larger tumor size and higher (worse) ALBI and PALBI scores ([Table 3](#t3){ref-type="table"}). No association was found with MELD score.

###### Partial bivariate correlations (age-adjusted) between tumor size and liver function scores (Pearson correlation coefficients and p-values)

                    Tumor size   ALBI           PALBI            MELD
  ----------------- ------------ -------------- ---------------- --------------
  Tumor size (mm)   1.000        0.356; 0.031   0.408; 0.012     0.065; 0.701
  ALBI score        \-\--        1.000          0.855; \<0.001   0.367; 0.025
  PALBI score       \-\--        \-\--          1.000            0.412; 0.011

ALBI = albumin-bilirubin; PALBI = platelet-albumin-bilirubin; MELD = model for end-stage liver diseases

###### Tumor size, albumin-bilirubin (ALBI), platelet-albumin-bilirubin (PALBI) and model for end-stage liver disease (MELD) score values by patient subset based on Eastern Cooperation Oncology Group (ECOG) performance status

                    ECOG 2-3 (n=7)   ECOG 0-1 (n=31)   Difference (95% CI); p-value\*
  ----------------- ---------------- ----------------- --------------------------------
  Tumor size (mm)   120; (52-200)    75 (30-240)       40 (0 to 79); 0.057
  ALBI score        -2.13±0.63       -2.68±0.58        0.55 (0.05 to 1.05); 0.031
  PALBI score       -2.04±0.51       -2.47±0.39        0.43 (0.08 to 0.78); 0.017
  MELD score        8 (6-13)         7 (6-14)          1 (-1 to 2); 0.411

Data are medians (range from minimum to maximum) or mean ± SD. Depicted are unadjusted differences between the two subsets with 95% confidence intervals (CI); \*Median difference (approximately 95.1% CI) by Mann-Whitney test for tumor size and MELD score, mean difference by t-test for ALBI and PALBI scores

Exploration of the ALBI, PALBI and MELD predictive value
--------------------------------------------------------

Considering the interrelationships observed between tumor size, liver function scores and ECOG status, indicating that these variables to a great extent aliased each other, the following approach was implemented: age and mVI were included into each model; then a separate model was fitted to estimate the effect of tumor size, ALBI score, PALBI score and MELD score. With adjustment for age and mVI, tumor size was a strong predictor of death ([Table 4](#t4){ref-type="table"}); a 10 mm increase in tumor size was associated with 24.7% higher relative risk of death. Increase ('worsening') in ALBI score by 0.2 units was associated with a similar effect, i.e. 23.1% higher relative risk of death ([Table 4](#t4){ref-type="table"}). Increase ('worsening') in PALBI score (by 0.2 units) was associated with 12.1% higher relative risk of death, but the effect did not attain statistical significance ([Table 4](#t4){ref-type="table"}). Increase in MELD did not appear to be associated with the risk of death ([Table 4](#t4){ref-type="table"}).

###### Association between tumor size, ALBI score, PALBI score and MELD score with the risk of all-cause death. Four separate Cox proportional hazard models were fitted to time-to event data in the observed cohort successively testing the risk associated with increasing tumor size, ALBI score, PALBI score and MELD score, with adjustment for age and microvascular invasion (see Patients and Methods -- Data analysis for details on model building)

                                HR (95% CI)           p-value
  ----------------------------- --------------------- ---------
  **Model 1**                                         
  Tumor size (by 10 mm)         1.247 (1.116-1.407)   \<0.001
  Age (by 5 years)              0.956 (0.811-1.147)   0.611
  Microvascular invasion        1.908 (0.463-12.9)    0.397
  **Model 2**                                         
  ALBI score (by 0.2 points)    1.231 (1.024-1.496)   0.026
  Age (by 5 years)              0.886 (0.725-1.097)   0.248
  Microvascular invasion        2.182 (0.514-15.0)    0.311
  **Model 3**                                         
  PALBI score (by 0.2 points)   1.121 (0.890-1.413)   0.332
  Age (by 5 years)              0.936 (0.778-1.147)   0.462
  Microvascular invasion        3.336 (0.865-22.1)    0.084
  **Model 4**                                         
  MELD score (by 2 points)      0.886 (0.528-1.254)   0.517
  Age (by 5 years)              0.960 (0.797-1.177)   0.683
  Microvascular invasion        4.554 (1.215-29.9)    0.022

ALBI = albumin-bilirubin; PALBI = platelet-albumin-bilirubin; MELD = model for end-stage liver diseases

Discussion
==========

Results of this study revealed tumor size and ALBI score as strong predictors of postoperative survival in a cohort of Croatian patients with compensated, mostly alcoholic liver cirrhosis resected for HCC. ALBI score appeared superior to PALBI and MELD in this setting. Our cohort was interesting because alcohol abuse was the predominant cause of cirrhosis and macrovascular invasion was excluded preoperatively. This is important due to geographical differences in HCC patient profiles. Since the prevailing data on this issue come from Asia where the etiologic factors for HCC are different (viral causes predominate), our data could be interesting for the European population since alcohol is a more prevalent cause of chronic liver disease in this area ([@r30]). Factors predicting survival after liver resection for HCC include tumor stage (tumor size, histologic grade, presence of vascular invasion and metastasis), surgical technique (achievement of free resection margins), residual liver function, as well as the presence and severity of portal hypertension ([@r3], [@r31]). Not counting tumor size and liver function scores, in this limited sample only ECOG performance status was univariately associated with survival. However, higher ECOG performance status significantly correlated with the ALBI and PALBI scores, whereas no association was found with the MELD score. Also, larger tumor size was associated with higher ALBI and PALBI, but not higher MELD. The impact of other variables on survival such as the presence of mVI, presence of esophageal varices, and extension of liver resection could not be assessed from this small sample data since the majority of patients were positive or negative for each of these categories, leaving only few patients available for comparison and making statistical evaluation unreliable. The significant prognostic value of ECOG performance status is not surprising taking into account significant aliasing with tumor size and liver function scores. Multivariate modeling identified total tumor mass as a strong predictor of death with each 10 mm increase in size being associated with 24.7% higher relative risk of death in our cohort ([Table 4](#t4){ref-type="table"}). In addition to this, 27/38 (73.7%) tumors were moderately to poorly differentiated. According to literature data, tumor size and high histologic grade are predictors of mVI ([@r31]) and presence of extrahepatic metastases ([@r32]). Indeed, mVI and extrahepatic metastases were detected in 33/38 (86.8%) and 3/38 (7.8%) of our patients, respectively. Such a high prevalence of mVI and metastases could account for the poorer overall estimated survival time of 36 months observed in our study, and could indicate poor patient stratification at enrolment. According to literature data, HCC with mVI is found in 35% of cases and the prevalence of lymph node metastases below the diaphragm is 2% to 3% ([@r29], [@r30]). Free resection margins were achieved in 68.4% of patients, we speculate due to the high median tumor mass found in this cohort. At the time of diagnosis, liver function was evaluated using the C-P score and MELD score. All of the patients resected were C-P class A and had median MELD score 8. The biggest drawback of the C-P score refers to patients who fall around the cutoff points, which are arbitrary, who may thus be classified as having a different risk. Johnson *et al*. ([@r17]) found that log~10~ bilirubin and albumin were consistently statistically significant predictors of survival. When C-P grade A patients were reclassified into ALBI grade 1 or 2, there was a 10-month difference in survival between the two ALBI grades ([@r18]). When incorporated into the BCLC system, the performance of ALBI grades was similar to the C-P system in a multicenter study with the majority of patients coming from Japan and China. Nevertheless, ALBI upstaged 4.8% of HCC patients and survival difference between the restaged patients was significant ([@r22]). The median ALBI score in our data was -2.63. When adjusted for age and mVI 'worsening' ALBI score was associated with 23.1% higher relative risk of death ([Table 4](#t4){ref-type="table"}). When compared with data reported by Johnson *et al*. ([@r18]), our data show a similar effect of ALBI grade on survival in adjustment to tumor size. With liver function ranging from ALBI -4.03 to -1.16, it is clear that our cohort of patients was indeed very heterogeneous and that C-P is not sensitive enough to further stratify these patients. Together with the burden of tumor size, these findings could explain difference in survival observed in our cohort (shortest and longest time from surgery to death 0.5 and 62 months, respectively). Although PALBI score was associated with 12.1% higher relative risk of death when adjusted for tumor size and mVI, the effect did not attain statistical significance in our cohort and MELD was not associated with the risk of death at all ([Table 4](#t4){ref-type="table"}). This may have been expected since both PALBI and MELD contain additional components to assess the risk across the worsening liver function stages. Namely, PALBI includes platelets as the indicator of portal hypertension, and MELD score is specifically designed for patients with end-stage cirrhosis (not representative for HCC patients considering liver resection) ([@r33], [@r34]). On the other hand, ALBI was originally calculated in the cohort of only C-P A patients without clinically significant portal hypertension to subclassify them according to the odds of survival following liver resection for HCC. Our cohort encompassed only C-P A patients without signs of clinically significant portal hypertension detected during preoperative work-up, which may have been the reason for not to expect significant impact of PALBI and MELD score on survival. However, this hypothetical conclusion is not strongly funded since our results arised from a small number of patients. Therefore, it might be worthy to explore, at least for PALBI, its performance on a larger cohort of patients with compensated C-P A cirrhosis without macrovascular infiltration, since some data suggest not so decisive impact of portal hypertension on survival following liver resection for HCC ([@r35]). As for MELD, previous studies revealed both lower mortality and reduced morbidity in patients undergoing liver resection for HCC when MELD score was \<9 ([@r14]). Besides the previously mentioned limitations, MELD score is influenced greatly by creatinine level and therefore not necessarily indicative of deterioration in liver function ([@r32]). The main limitation to our work was the small number of patients analyzed. For this reason, we were unable to perform more complex and informative multivariate analysis of different prognostic factors such as esophageal varices, ascites, number of segments resected and their effect on patient survival in comparison to ALBI score. In conclusion, tumor mass and ALBI score are strong predictors of outcome in patients resected for HCC and appear superior to PALBI and MELD score in predicting postoperative survival in patients with compensated cirrhosis with no macrovascular infiltration.
